The hydroethanolic extract of Anthocephalus cadamba displayed remarkable antioxidative potential in the 1,1-diphenyl-2-picrylhydrazyl (DPPH), the hydrogen peroxide, the nitric oxide scavenging, the reducing power, the total antioxidant capacity, the lipid peroxidation inhibition (thiobarbituric acid-reactive substances production), and the RBC membrane stabilization assays. While in the DPPH assay the IC 50 value of the extract was 146.5 μg/mL, it was 24.8 μg/mL in the nitric oxide scavenging assay.
Most of the free radical production within the body involves oxygen, and thus the free radicals are often referred to as either reactive or reduced oxygen species. The presence of free radicals in the body causes oxidative stress leading to cell and tissue damage, and has been implicated in various diseases, for example cancer, diabetes and heart diseases [1] [2] [3] . Free radicals cause cellular damage by reacting with the phospholipid bilayer of cellular membranes resulting in the production of measurable end products, primarily malondialdehyde. The most effective way to eliminate most of the free radicals or to prevent oxidative damages is the adequate oral intake of antioxidants from external sources. The best known external antioxidants are vitamin E, ascorbic acid (vitamin C) and the carotenoids [1] . Many other non-nutrient food substances, generally phenolic or polyphenolic compounds from plant origin, display antioxidant properties and, thus, may be important for health. Fruits and vegetables, medicinal plants and herbs are known to be important sources of various natural antioxidants.
Anthocephalus cadamba (Roxb.) Miq. [syn. Neolamarckia cadamba (Roxb.) Bosser] of the family Rubiaceae is widely distributed throughout Bangladesh, Nepal, India, Myanmar, Sri Lanka, the Philippines, Indonesia, and Papua New Guinea [4, 5] . Various parts of this plant have traditionally been used as an antidiuretic, in the treatment of fever, anemia and tumors, and for the improvement of semen quality [6] . While previous bioactivity studies of this plant revealed its antimicrobial, antioxidant, wound healing, antimalarial and antihepatotoxic activities [6a] , phytochemical screening led to the isolation of indole alkaloids, secoiridoids, triterpenes and saponins from this plant [4, 7] . In continuation of our phytochemical and pharmacological screening of Bangladeshi medicinal plants [8, 9] , we now report on the antioxidant properties of A. cadamba flowering tops, using various in vitro assays.
The DPPH antioxidant assay is based on the ability of 1,1-diphenyl-2-picryl-hydrazyl (DPPH), a stable free radical, to decolorize in the presence of antioxidants [1] . The DPPH radical contains an odd electron, which is responsible for the absorbance at 515-517 nm and also for a visible deep purple color. When DPPH accepts an electron donated by an antioxidant compound, the DPPH is decolorized, which can be quantitatively measured from the changes in absorbance. In the TLC-based qualitative antioxidant assay using DPPH spray, the extract of A. cadamba showed prominent free radical scavenging properties indicated by the presence of a yellowish spot on a reddish purple background on the TLC plate. The IC 50 value of the extract was 146.5 μg/mL, as opposed to that of vitamin C (IC 50 55.9 μg/mL), which is a well known antioxidant.
Both nitric oxide and superoxide anion cause ischemic renal injury. The toxicity and damage caused by NO· and O 2 · _ is multiplied as they react to produce reactive peroxynitrite (ONOO _ ), which leads to serious toxic reactions with biomolecules [10] . Suppression of NO· released may be partially attributed to direct NO· scavenging, as all fractions of A. cadamba decreased the amount of nitrite generated from the decomposition of sodium nitroprusside in vitro. The scavenging of nitric oxide by the plant extract was increased in a dose-dependent manner. While the IC 50 value of the extract was 24.8 μg/mL, that of vitamin C was 107.8 μg/mL.
The reducing ability of a compound generally depends on the presence of reductants, which exhibit antioxidant activity by breaking the free radical chain though donation of a hydrogen atom [11] . Figure 1 shows the reducing ability of the extract of A. cadamba in comparison with butylated hydroxy toluene (BHT).
During lipid peroxidation, low molecular weight end products, generally malonaldehyde, are formed by oxidation of polyunsaturated fatty acids that may react with two molecules of thiobarbituric acid to give a pinkish red chromogen. The extract showed inhibition of non-enzymatic lipid peroxidation in rat liver microsomes at all concentrations and the IC 50 value was found to be 202 μg/mL. The IC 50 value of vitamin E, a well known antioxidant, was 146.0 μg/mL. 
The scavenging of H 2 O 2 by vitamin C and the extract of A. cadamba after incubation for 10 min increased with increases of concentration. The extract exhibited higher H 2 O 2 scavenging activity than vitamin C at similar concentrations. The IC 50 values of the extract and vitamin C were 138.1 and 156.4 μg/mL, respectively.
Total antioxidant capacity of the A. cadamba extract, expressed as the number of equivalents of vitamin C, is shown in Figure 2 . The phosphomolybdenum method was based on the reduction of Mo (VI) to Mo (V) by the antioxidant compound and the formation of a green phosphate/Mo(V) complex with a maximal absorption at 695 nm.
The extract of A. cadamba at a concentration range of 0.50-2.0 mg/mL significantly protected the rat erythrocyte membrane against lysis induced by hypotonic solution (Table 1 ). In contrast, indomethacin (0.10 mg/mL) offered a significant protection of the rat red blood cells (RBC) against the damaging effect of a hypotonic solution. At a concentration of 2.0 mg/mL, the extract produced 88.3% inhibition of the RBC hemolysis, as compared to 85.5% produced by indomethacin. It is well known that the vitality of cells depends on the integrity of their membranes. Exposure of RBCs to injurious substances, such as hypotonic medium and phenylhydrazine, results in lysis of its membrane accompanied by hemolysis and oxidation of hemoglobin [15] . The hemolytic effect of a hypotonic solution is related to excessive accumulation of fluid within the cell resulting in the rupturing of its membrane. Such injury to RBC membranes will further make the cells more susceptible to secondary damage through free radical-induced lipid peroxidation. This notion is consistent with the observation that the breakdown of bio-membranes leads to the formation of free radicals, which in turn enhance cellular damage. A possible explanation for the membrane stabilizing effect could be an increase in the surface area/volume ratio of the cell, which could be brought about by either expansion of the membrane or shrinkage of the cell and interaction of membrane protein [16] . Moreover, it has also been reported that the deformability and cell volume of erythrocytes are closely related to the intracellular content of calcium, and hence it could be speculated that the cytoprotective effect of the extract on the erythrocyte membrane might be due to the ability of the extract to alter the influx of calcium into the erythrocyte [17] . Since the membrane of RBCs is similar to that of lysosomes, the effect of either drugs or extracts on human RBC membranes could be extrapolated to the stabilization of lysosomal membranes.
It is well known that free radicals are one of the major causes of Parkinson disease [14] , Alzheimer type dementia [18] , and bone destruction in rheumatoid patients [19] . It is, therefore, expected that either compounds or extracts with membranestabilizing properties should offer significant protection of cell membranes against oxidative injuries.
As the present study has demonstrated the effectiveness of the hydroethanolic extract of A. cadamba as an antioxidant, determination of the natural antioxidant compounds from this plant extract may help to develop either new drug candidates or at least the template for 'lead' generation for antioxidant therapy. at 40°C using a Buchi rotary evaporator to yield a concentrate of reddish black extract (yield approx. 6.32%).
DPPH assay:
The qualitative assay was performed by the method described by Sadhu et al. [20] . Test samples were analyzed by TLC and the plates were sprayed with 0.004% w/v DPPH solution in MeOH, using an atomizer. Positive activity was detected by discolored (pale yellow) spots on a reddish purple background. Vitamin C was used as the positive control.
The quantitative free radical scavenging capacity of the extract was also determined by the method described in the literature [20, 21] . A methanolic solution of DPPH (0.004% w/v) was mixed with a serially diluted extract of A. cadamba (1 μg to 500 μg) and after 10 min, the absorbance was read at 515 nm using a spectrophotometer (HACH 4000 DU UV -visible spectrophotometer). Vitamin C was used as a positive control.
Nitric oxide radical scavenging assay: Nitric oxide radical scavenging can be estimated by use of the Griess Illosvoy reaction [22] . In this study, Griess-Illosvoy reagent was modified by using naphthyl ethylene diamine dihydrochloride (0.1% w/v) instead of 1-napthylamine (5%). The reaction mixture (3 mL) containing sodium nitroprusside (10 mM, 2 mL), phosphate buffer saline (0.5 mL) and either A. cadamba extract (10 μg to 160 μg) or positive control (BHT, 0.5 mL) was incubated at 25°C for 150 min. After incubation, 0.5 mL of the reaction mixture was mixed with 1 mL sulfanilic acid reagent (0.33% in 20% glacial acetic acid) and allowed to stand for 5 min for completion of diazotization. Then, naphthyl ethylene diamine dihydrochloride (1 mL) was added, mixed and allowed to stand for 30 min at 25°C. A pink colored chromophore was formed in diffuse light. The absorbance of these solutions was measured at 540 nm against the corresponding blank solutions. Vitamin C was used as the positive control.
Lipid peroxidation assay:
The rat liver microsomal fraction was prepared by the method of Bouchet et al. [23] . The reaction mixture contained, in a final volume of 1.0 mL, 500 μL of liver microsomal fraction, 300 μL buffer containing the plant extract (50-150 μg), 100 μL of FeCl 3 (1 mM) and 100 μL of vitamin C (1 mM) to start peroxidation. Samples were incubated at 37°C for 1 h before lipid peroxidation was measured using the reaction with thiobarbituric acid (TBA). Thiobarbituric acid reactive substances were determined as described in the literature [24] . The absorbance of the organic layer was measured at 532 nm. All reactions were carried out in duplicate. Vitamin E was used as the positive control.
Scavenging of hydrogen peroxide:
A modified method based on that of Ruch et al. [25] was used to determine the ability of the extracts to scavenge H 2 O 2 . Hydrogen peroxide (43 mM) was prepared in phosphate buffered saline (pH 7.4). Vitamin C and the extract solutions were prepared separately at concentrations from 50 to 250 mM. Aliquots of either standard or extract solutions (3.4 mL) were added to 0.6 mL of H 2 O 2 solution. The reaction mixture was incubated at room temperature for 10 min, and the absorbance was read at 230 nm. The percentage of scavenging was calculated using the following equation [26] .
% H 2 O 2 scavenging = 100 x (absorbance of control -absorbance of sample)/ absorbance of control
Reducing power: The reducing power of A. cadamba was determined according to the Oyaizu method [27] . Different concentrations of A. cadamba extract (100 μg -1000 μg) in 1 mL distilled water were mixed with phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide [K 3 Fe(CN) 6 ] (2.5 mL, 1%). The mixture was incubated at 50°C for 20 min. A portion (2.5 mL) of trichloroacetic acid (10%) was added to the mixture, which was then centrifuged at 3000 rpm for 10 min. The upper layer of the solution (2.5 mL) was mixed with distilled water (2.5 mL) and FeCl 3 (0.5 mL, 0.1%), and the absorbance was measured at 700 nm. Increased absorbance of the reaction mixture indicated increased reducing power. Butylated hydroxy toluene (BHT) was used as the positive control.
Determination of total antioxidant capacity:
The total antioxidant capacity of the extract of A. cadamba was evaluated by the phosphomolybdenum procedure, as described in the literature [28] . The assay is based on the reduction of Mo (VI)-Mo (V) by the extract and subsequent formation of a green phosphate/Mo (V) complex at acid pH. The extract (0.3 mL) was combined with 3 mL of reagent solution (0.6M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes containing the reaction solution were incubated at 95°C for 90 min. The absorbance of the solution was measured at 695 nm using a spectrophotometer (HACH 4000 DU) against a blank, after cooling to room temperature. Methanol (0.3 mL) in the place of extract was used as the blank. The total antioxidant capacity activity is expressed as the number of equivalents of vitamin C.
Membrane stabilizing activity
Preparation of erythrocyte suspension: Whole blood was obtained using syringes (contained anticoagulant EDTA) from rats through cardiac puncture. The blood was washed three times with isotonic buffer solution (154 mM NaCl) in 10 mM sodium phosphate buffer (pH 7.4). The blood was centrifuged each time for 10 min at 3000 rpm.
Hypotonic solution-induced rat erythrocyte hemolysis: Membrane stabilizing activity of the extract was assessed using hypotonic solutioninduced rat erythrocyte hemolysis [17] . The test sample consisted of stock erythrocyte (RBC) suspension (0.50 mL) mixed with 5 mL of hypotonic solution (50 mM NaCl) in 10 mM sodium phosphate buffered saline (pH 7.4) containing either the extract (0.25-2.0 mg/mL) or indomethacin (0.1 mg/mL). The control sample consisted of 0.5 mL of RBCs mixed with hypotonic-buffered saline solution alone. The mixtures were incubated for 10 min at room temperature, centrifuged for 10 min at 3000 g, and the absorbance of the supernatant measured at 540 nm. The percentage inhibition of either hemolysis or membrane stabilization was calculated according to the method described by Shinde et al. [17] . % Inhibition of hemolysis = 100 x {OD1-OD2/OD1}
Where, OD1 = Optical density of hypotonic-buffered saline solution alone, and OD2 = Optical density of test sample in hypotonic solution
